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Tém tit

Bai bdo trinh bay phwong phdp t6i wu héa da muc
tiéu cho cac thong $6 in 3D FDM s dung vat liéu
PLA. Nghién ciru dé xudt mét phwong phap lai két
hop thiét ké thi nghiém Taguchi L9 véi phirong
phdp TOPSIS dé gidi quyét cdc mdu thuan khi t6i
wu héa dong thoi nhiéu ddic tinh dau ra. Ba thong
$6 dau vao gém nhiét do in, t6c do in va duong
kinh dau in dd duwoc khdo sdat. Cac muc tiéu dau
ra bao gom t6i da héa dé cing, dé dai va dap va
16i thiéu héa khoi lwong mdu. Phiong phdp
Entropy dwgc st dung dé xdc dinh trong sé khéch
quan cho tung tiéu chi, sau do phwong phap
TOPSIS dwoc dp dung dé chuyén bai todn da muc
tiéu thanh mot bai toan don muc tiéu thong qua
viée tinh todn hé sé twong doi gan CCi. Két qua
phdn tich Taguchi-TOPSIS da xdc dinh bo thong
$6 16 wu gom nhiét ¢ in la 220°C, téc do in la
40mm/s va dwong kinh dau in la 0,3mm. Phdn tich
ANOVA ciia hé s6 CC; cho thdy nhiét @6 in la
théng s6 c6 anh huong 16m nhat tac dong 49,25%
dén hiéu sudt da muc tiéu, tiéb theo la téc d@é in
23,99% va dwong kinh dau in 21,53%. Phuong
phap nay da chirng minh tinh hiéu qua trong viéc
tim ra mét gidi phap manh mé cho viéc téi wu héa
quy trinh in 3D FDM.

Tir khéa: T6i wu héa da muc tiéu, FDM, PLA,
Taguchi, TOPSIS.

Abstract

This paper presents a multi-objective optimization
method for FDM 3D printing parameters using
PLA material. The study proposes a hybrid
method combining Taguchi L9 design of
experiments with TOPSIS method to resolve
conflicts when optimizing multiple output
properties  simultaneously. Three input
parameters including printing temperature,
printing speed and printhead diameter were

investigated. The output objectives include
maximizing stiffness, impact toughness and
minimizing sample mass. Entropy method was
used to determine the objective weight for each
criterion, then TOPSIS method was applied to
convert the multi-objective problem into a single-
objective problem by calculating a relative
coefficient close to CCi. The Taguchi-TOPSIS
analysis results determined the optimal parameter
set including printing temperature of 220°C,
printing speed of 40 mm/s and printhead diameter
of 0.3mm. ANOVA analysis of CC; coefficient
showed that printing temperature was the most
influential parameter affecting multi-objective
performance by 49.25%, followed by printing
speed by 23.99% and printhead diameter by
21.53%. This method proved to be effective in
finding a robust solution for optimizing the FDM
3D printing process.

Keywords: Multi objective optimization, FDM,
PLA, Taguchi, TOPSIS.

1. M& dau

San xuét bdi dip (Additive Manufacturing - AM)
la mét thudt nglr bao quat cho nhom cac cong nghé
ché tao san phim dua trén nguyén ly dép vat liéu theo
tung 16p (Tofail et al., 2018). Cong nghé nay da trd
thanh mot yéu t6 then chdt trong nhiéu linh vuc cong
nghiép, dac biét la trong viéc ché tao nhanh cic mau
thir nghiém, mang lai loi thé kinh té dang ké (R.
Kumar et al., 2021). Cac phuong phap AM phd bién
bao gdm ling dong noéng chay (FDM), in s¢i néng
chay (FFF), in nhya long (SLA) va thiéu két laser
chon loc (SLS). Trong s6 d6, k§ thuat FDM dugc tng
dung rong rai nho cac uu diém nhu van hanh don gian,
su da dang cua vat liéu dau vao, tinh linh hoat va kha
nang san xuat hang loat (Dimitrellou et al., 2025). Vat
liéu Axit polylactic (PLA) 1a m¢t trong nhitng vat li¢u
polyme phd bién nhét trong cong nghé FDM, dugc ua
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chudng boi tinh dé gia cong, kha ning twong thich
sinh hoc va dac tinh phan huy sinh hoc (Horny et al.,
2025). Tuy nhién, viéc tdi uu héa cic dic tinh co hoc
va chtrc nang cuia san pham in 3D tir vét liéu PLA van
1la mot thach thuc. Do d6, viéc xac dinh mot bo thong
s6 in t6i wu nham nang cao cac dac tinh co hoc cua vét
liéu 12 mot hudng nghién ctru cap thiét.

Céc dic tinh ctia san pham FDM chiu anh hudng
truc tiép boi mot tap hop cac thong sd quy trinh, bao
gdém duong kinh voi phun, nhiét d6 voi phun, mat do
dién ddy, dang dién day, goc nghiéng dau in, sb luong
duong vién, téc d9 in va chiéu cao 16p (Ahmad et al.,
2022). Viéc diéu chinh cac théng sé nay c6 anh hudng
truc tiép dén cac dic tinh co hoc, thoi gian san xuét va
khéi luong cua chi tiét. Bén canh céac dic tinh co hoc,
thoi gian va khdi luong 1a cac yéu té quan trong trong
san xuét. Do do, viéc ap dung cac ky thuat t8i wu hoa
da muc tiéu 13 rt quan trong dé xac dinh b thong sb
can bang tot nhit (Singh et al., 2022). Téi vu héa da
muc tiéu dit ra nhiig thach thirc ddng ké so véi tdi
vu hoéa don muc tiéu, vi né doi hoi sy can bang giita
cac muc tiéu co thé xung dot 1an nhau.

Nhiéu nghién ciru truée ddy da tap trung vao viée
t6i wu hoa cac thong sé cua quy trinh FDM bang cac
phuong phép thdng ké va thuat toan. Cac phuong
phap phd bién bao gom phwong phap Taguchi, phan
tich phuong sai (ANOVA) va phén tich quan hé xam
(GRA). Nghién ctru ctia John et al., (2023) da khao sat
anh hudng cta hinh hoc luéi in, tdc do in va duong
kinh dau in ddi v6i cic mau PLA theo tiéu chuan
ASTM D638. Két qua cuia nghién ciru cho thay dudng
kinh d4u in 12 yéu t& ¢6 anh huong 16n nhét. K. Kumar
& Singh, (2023) da ap dung GRA dya trén phuong
phap Taguchi dé t6i wu hoa thong sé FDM cho dung
cu y té bang PLA, dat dwoc do bén kéo 42,6MPa va
mo dun dan hdi 3274MPa, cho thdy tiém ning cua
cong nghé nay trong linh vyc y té. Twong tu, (Liu et
al., 2017) str dung thiét ké thuc nghiém Taguchi L27
két hop ANOVA va GRA dé nghién ciru anh hudng
ctia chiéu day 16p, kiéu ludi va kich thuéce diu in dén
d6 bén kéo, udn va va dap. Nghién ciru cta cac tac gia
nay chi ra téc do in 1a thong sb quan trong nhét.
(Nguyen et al., 2020) di tién hanh t6i wu hoa da muc
tiéu cho chiéu cao 16p, ty 1& 1ap day, nhiét do va toc do
in bang cach két hop phuwong phap Taguchi véi thuat
toan di truyén NSGA-II. (Patel et al., 2024) ciing thuc
hién t6i wu héa cac thong s FDM cho vat liéu PLA,
xac dinh bo thong s6 t6i uru bao gom tdc d in 70mm/s,
chiéu cao 16p 0,2mm va mat do dién dﬁy 40% dé dat
duoc cac dac tinh co hoc uwu viét. (Chinchanikar et al.,
2024) di str dung phuong phap bé mit dap timg (RSM),
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GA-TOPSIS va GA-GRA dé t6i uu hoa cac thong s6
FDM cho céc chi tiét in bang PLA. Thong s6 tdi uu
ma nghién ctru dua ra 1a mat do dién day 61,02%, do
day 16p 0,26mm, tde dd in 37,77mm/s va nhiét d0 in
191,1°C.

K¥ thuat Iya chon da ti€u chi TOPSIS hoat dong
bang cach xac dinh bg thong s6 t6i wu dwa trén nguyén
téc truc quan: Lya chon t6t nhét 1 lva chon co khoang
cach gan nhat dén giai phap 1y twong va dong thoi xa
nhit so v6i giai phap x4u nhat (Kelemenis & Askounis,
2010). Tuong ty phuong phap GRA, TOPSIS co
nhiéu loi thé, bao gém hiéu qua tinh toan va d9 tin cay,
tinh don gian va d& dang xac dinh hiéu suit so sanh
(Taherdoost & Madanchian, 2024). Dé t6i uu hoa cac
thong s6 in 3D FDM cho vt liéu PLA, viéc két hop
phuong phap thiét ké thi nghiém Taguchi véi phuong
phap ra quyét dinh da tiéu chi TOPSIS 12 mot hudng
tiép can hiéu qua va manh mé. Tuy nhién, chua co
nhiéu nghién ctru két hop hai phuong phap nay.

Trong bai bao nay, phuong phap Taguchi dugc st
dung dé giam dang ké s6 luong thi nghiém can thyc
hién thong qua viéc str dung cac ma tran truc giao,
gitp tiét kiém thoi gian va chi phi. Sau do, cac két qua
thu dugc tir nhitng thi nghiém nay gém nhiéu muc tiéu
mau thudn nhau nhu d6 cimg, do dai va dap, khéi
luong in s& dugc phan tich bang TOPSIS dé tim ra to
hop thong s6 in tot nhat. Su két hop nay tao ra mot
quy trinh t&i vu héa hiéu qua vé mit thuc nghiém va
manh mg¢ trong viéc ra quyét dinh lya chon.

2. Nguyén liéu va phwong phap thuc nghiém
2.1. Nguyén liéu va qud trinh ché tao méu

Nguyén liéu dugc sir dung trong nghién curu nay
1a sgi nhya PLA ciia hing Creality, Trung Qudc véi
duong kinh danh dinh 1a 1,7Smm. Céac dic tinh k¥
thuat ciia soi PLA dwoc nha san xuit cung cap va tong
hop trong Bang 1.

Bdng 1. Ddc tinh ciua vt li¢u in PLA Creality

Pic tinh Gia tri
Nhiét do in 190-230°C
Puong kinh day in 1.75mm
Khéi luong riéng 1.25g/cm’
Do bén kéo 34MPa
Do bén udn 77MPa
Téc do in 40+100 mm/s

Céac mau thir nghiém do6 dai va dap dugc ché tao
theo tiéu chudn ASTM D6110 danh cho vat liéu nhua.
Qua trinh ché tao dugc thuc hién trén may in 3D SME

SO 85 (01-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161
g z
KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHN(

v1.0 (Hinh 1), mét thiét bi hoat dong dua trén cong
nghé FDM do Vién Co khi, Truong Dai hoc Hang hai
Viét Nam nghién ciru va phat trién. M6 hinh hinh hoc
ciia mau dugc thiét ké bang phin mém Autodesk
Inventor 2023, sau d6 dugc xir 1y va chuyén doi thanh
t¢p G-code thong qua phan mém cét 16p Ultimaker
Cura 5.5.0.

Hinh 1. Mdy in 3D SME v1.0 va cdc mdu thiv va dip

Céc thong s6 in dugc gitr ¢ dinh trong subt quéa
trinh thyc nghiém bao gf‘)m: Mit d6 dién dﬁy 100%, 3
16p vién ngoai, chiéu cao layer 0,2mm, nhiét d6 ban
in 60°C va goc nghiéng dau in 0°. Ba thong s6 dau vao
duoc Iwa chon dé khao sat 1a nhiét ¢ dun, tdc do in
va duong kinh dau in. Cac mic gié tri cia timg thong
s6 duoc trinh bay chi tiét trong Bang 2.

Bing 2. Théng sé quy trinh in 3D FDM

Gia tri
Mac1 Mac2 Mic3
Nhiét d6 in T °C 200 210 220

Ky Don

Thong s6 .
hi¢u vi

Ky thuat va Cong nghé Hang hai

Hinh 2. Po dp dai va dip trén thiét bi JBS-300

2.2. Phwong phadp do luwong va danh gid

Do dai va dap cua cic mau duoc xac dinh béng
phuong phép thir nghiém Charpy trén thiét bi JBS-300
Jinan tai Trung tdm Thi nghiém - Thuc hanh, Truong
Pai hoc Hang hai Viét Nam (Hinh 2). D6 cimg bé mit
clia mau duoc do bang may do do cting Shore D cim
tay Landtek HT-6510D theo tiéu chuin ASTM D2240.
Gia tri d§ ciing dugc ghi nhan 1a gia tri trung binh cta
ba lan do tai cac vi tri khac nhau, tuan tha yéu cau vé
khoang cach tdi thiéu gita cac diém do 1a 5mm va
cach mép mau khong dusi 10mm. Khdi lwong cua
tirng mau sau khi ché tao duoc xac dinh béng can phan
tich k¥ thuat GS-Shinko c6 d¢ chinh xac cao.

2.3. Phuwong phdp thiét ké thi nghiém va t6i wu héa

Nghién ctru nay ap dung phuong phap lai Taguchi
- TOPSIS dé giai quyét bai toan tdi uru hoa da muc tiéu.
Qué trinh phan tich dwoc tién hanh qua hai bude: (1)
sir dung phuong phap Taguchi dé phan tich va t6i wu

Técddin V. mmis 40 50 60 .
Puong kinh hoéa cho tiing muc tiéu r¥1{)t cach doc lap; (’2)’tich hop
fuin D mm 02 03 0.4 phuong phap TOPSIS dé tim ra bg thong s0 16i uu héa
dong thoi nhi€u muc ti€u. Trong so cuia cac muc ti€u
Bing 3. Thiét ké thue nghi¢m Taguchi L9 va két qud
Théng sé Két qua T§ s6 S/N
STT Do ciing, Do daiva Khéi lwong, . ..
T Vv D by cung DO dai vadap Khoi lugng
HD dap, J g
1 200 40 0.2 74.8 37.0 23.15 37.84 31.36 -27.29
2 200 50 0.3 75.0 38.0 22.17 37.56 31.60 -26.92
3 200 60 0.4 76.7 29.0 23.63 37.73 29.25 -27.47
4 210 40 0.3 68.5 33.0 22.74 37.86 30.37 -27.14
5 210 50 0.4 76.7 27.0 23.43 37.97 28.63 -27.40
6 210 60 0.2 70.5 21.0 22.37 37.92 26.44 -26.99
7 220 40 0.4 76.2 34.0 23.86 38.19 30.63 -27.55
8 220 50 0.2 74.7 35.0 22.64 37.99 30.88 -27.10
9 220 60 0.3 75.5 36.0 22.85 37.93 31.13 -27.18
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trong mé hinh TOPSIS dugc xac dinh bang phuong
phap Entropy. Sau khi x4c dinh dugc bo thong sé tdi
uu, phan tich ANOVA duogc thyc hién nham danh gia
mirc o anh hudng va phan trim déng gop cua timg
thong sd dén két qua da muc tiéu. Thi nghiém duoc
thiét ké theo ma tran truc giao L9 vdi cac thong sb va
muc d6 dugc trinh bay trong Bang 3. Toan by qua
trinh tinh toan, phén tich thong ké va db thi duoc thuc
hién bang phan mém Minitab 21.

Ty s6 Tin hiéu trén Nhidu (S/N) duoc sir dung dé
danh gi4 anh huong cua cac thong s quy trinh dén
cac muc tiéu. Cac ty s6 S/N tir phuong phap Taguchi,
dai dién cho hiéu sut cua cac thi nghiém, bd thong )
¢6 ty s6 S/N cao nhat cho biét muc tdi wu. Vi muc
tiéu t6i da hoa do dai va dap, do cung va t6i thiéu hoa
khéi lwong mau, phuong trinh (1) duoc ap dung cho
d6 dai va dap, do ciing. Trong khi, phuong trinh (2)
ap dung cho tiéu chi "cang nho cang t6t" dugc lya
chon cho khéi lwong mau.

S/N = —1010g<%2}%) )

i=17"

S/N = —101log (%Z y?) 2)

i=1

Trong d6, n 1a s6 lwong thi nghiém va y; 1 gi4 tri
thi nghiém cho dac tinh thur i.

Ty s6 S/N chi phu hop cho bai toan don muyc tiéu,
dé t6i wu da muc tiéu khi yéu cau thong sé in 3D sao
cho vira dat dugc do dai va déap, d6 cirng cao nhét, vira
dat duoc thoi gian thi cong va khdi lwong mau thép
nhit, do d6 Entropy-TOPSIS dugc sir dung dé ti uu
héa da muc tiéu dua trén cac ty s6 S/N.

Bl — g
Thiét %g.!‘ﬁhgm thea

Tinhtodntyss

Chuinhéamatmin | |
L AL S/Ncuamés
quyét dinh SN theo ki

| Chuin héa ma trin quyét
Tinh todn gid tri dinh /N theo TOPSIS

entropy cho mdi
tiéu chi

I
|
|
I
|
| Tinh todn ma trin
| quyét dinh c6
Xdc dinh mire | trong 0
dé phén ki | |
T | Xic dinh gid i gidi
Xéc dinh trong |
56 cia mi tiéu |
chi !
| Xic dinh khoang cich caa
| mdiphuong én dén gidi
H phip 1§ trémg vi kém nhit
I
|

]
I
I
1
1
|
1
|
|
|
I
|
1
|
|
I
|
Entropy :
|
|
|

Tinh todn hé sé
\ wong doi ghn /
TOPSIS ™~ | -
Phin tich ANOVA
vi xic dinh théng
6 i

Hinh 3. Quy trinh t6i wu thong sé theo thiét ké
Taguchi va Entropy-TOPSIS
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Quy trinh thyc hién duogc thé hién trong Hinh 3,
gdm céc bude:
Bude 1: Mbi tidu chi trong ma tran quyét dinh
dugc chuan héa theo phuong trinh (3):
Xij . .
Dij " 5 i=12,..,n 3)
j=12,..,m
Trong phuong trinh (3), x; biéu thi gia trj thuc cia
mdi phuong an, trong khi p; biéu thi cac gia tri dang
chuén hoa cho mdi tiéu chi.
Bude 2: Dya vao ma tran quyét dinh da chuén hoa,
céc gia tri entropy (e;) cho mdi tiéu chi dugc tinh bang
phuong trinh (4) nhu sau:

n
e =—k z pijInpy; “4)
i=1

Trong phuong trinh (4), k dugc tinh bang 1/In(n)
va 1a mot hing s6 dam bao 0 < ¢ < /. Khi gia tri
entropy cang nho, tam quan trong cua tiéu chi trong
qua trinh ra quyét dinh cang cao. Noi cach khac, gia
tri entropy cho thiy sy khong chic chin cua thong
tin v& mot tiéu chi.

Bude 3: Trong sb cla cac tiéu chi theo phuwong
phép entropy duogc tinh theo phuong trinh (5):

W = 1_6']
;=

)

?=1 1- &

Trong d6 w; 1a gi4 tri trong s6 cua cc tidu chi va tong
tat ca cac gia tri wy (ws + w2 + ... +w,) phai béng 1.

Buée 4: Chuén héa ma tran theo TOPSIS:

Xij .
niEor 5 =12,..m
X j=1%ij (6)
j=1.2,..,]

r; thé hién gia tri d3 dwoc chuan héa va x; 1a gia tri
cua phuong an i theo tiéu chi ;.

Bude 5: Ma tran quyét dinh chudn hoa co trong sb
thu duoc béng cach nhan ma tran da chuén héa véi
trong s6 cua cac tiéu chi (Wy).

vi=wiXr; j=12,..i=12,.,n (7)
Buée 6: Giai phap 1y tuong (gia tri 16n nhit, A*) va
giai phap kém nhat (gia trj nho nhét, A-) duoc x4c dinh:
+ — [+ gt +
A_ = {171_, vz_, ...,v]_} ®)
A” ={v;,v3, ..,/ }

Buéc 7: Khoang cach giita mdi phuong an duoc
tinh bang cach sir dung khoang cach Euclid n-chiéu
nhu sau:
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Trong d6, di* tugng trung cho thudc do khoang
cach dén giai phap 1y tuong va di- cho thude do
khoang cich dén giai phap kém nhit nhét.

Buée 8: Hé sd twong ddi gan (CC;) cua mdi
phuong 4n dugce tinh bang phwong trinh sau:

di

CC; =———
odf+d; (10)

Buée 9: Cudi cung, cac phuong an duge xép hang
béng cach so sanh céc gia tri CC,, phuong an ¢6 gié tri
CC; 16n nhét 14 phuong an tdi wu.

3. Két qua va thao luin
3.1. Téi wu don muc tiéu

Bang 3 trinh bay két qua thi nghiém va cac gia tri
ty s& S/N ctia d6 cimg, d6 dai va dap va khdi luong
mau in. Phuong phap thiét ké thi nghiém ctia Taguchi
danh gia két qua thi nghiém bang cach chuyén déi
chung thanh ty sb S/N. Ty sb nay 1a mot thudc do so
sanh cac dau vao véi mirc nhidu lién quan. Viée sir
dung ty s6 S/N bao ham mét wu tién ddng nhat trong
viéc bao quat cac anh hudng cia nhing thay doi vé
gia tri trung binh va d6 1éch chuan. Trong nghién ctru
nay, cac két qua thir nghiém da dwoc chuyén déi thanh
cac ty s& S/N, gia tri S/N cao nhat cho biét thong sb
thi nghiém tt nhat.

Két qua phan tich anh huong cia cac thong sb
cong nghé dén do cing ciia mau in PLA dugc trinh
bay trong Bang 4 va phan tich ANOVA Bang 5. Dya
trén ty s& S/N theo tiéu chi "cang 16n cang t6t", t6 hop
thong s6 t6i wu d6 cung duge xac dinh 1a: Nhiét do in
& 220°C, toc do in & 40mm/s va duong kinh dau in 1a

D6 dai va dap, )
35

210
40

02 Nhiét d¢, oC 50
03 200

Budng kinh dau in, mm

a)

a)

D ciing, HD
82

04 Téc dg in, mm/s

Ky thuat va Cong nghé Hang hai

0,4mm. Phan tich gia tri Delta cho théiy nhiét 0 in 1a
yéu té ¢6 anh hudng 16n nhat, tiép theo 1a dudng kinh
dau in va cudi ciing 1a tdc d6 in. Anh huong cua nhiét
d6 va duong kinh dau in dén do ctng ciing duoc thé
hién qua Hinh 4 v6i xu hudng tang nhiét d6 va dudng
kinh dau in sé& tap ra san pham in c6 ty 1é dién day cao,
lién két tot gitra cac 16p in lam tang d6 cing clia mau
gén dat dén do cung cua vat liéu PLA dédc ban dau.

Bdng 4. Gia tri dap wng S/N ciia dj cirng

Mirc 49 Nhiét do in Téc d in Pwong kinh diu in

1 37.71 37.96 37.92
2 37.92 37.84 37.78
3 38.04 37.86 37.96
Delta 0.33 0.12 0.18
Xép hang 1 3 2

Bdng 5. Phan tich ANOVA ciia dp cung

. A Adj Adj F- P- Tac
Thong so DF

SS MS Value Value dong, %
Nhiétdoin 2 1326 6.63 3523 0.028  66.47
Técddin 2 215 1.07 572 0.149 10.78
Puong
2 415 2.07 11.03 0.083  20.80
kinh du in
Lbi 2 037 0.18 1.85
Téng 8 19.95 100.00

Phan tich ANOVA duoc thuc hién & mirc d6 tin
cdy 10% dé xac thuc y nghia thong ké ciia cac yéu to
nay. Két qua ANOVA khing dinh vai tro chi phdi cta
nhiét d6 in, day 1a yéu t duy nhét c6 anh huéng mang
¥ nghia thong ké (p-value=0,028). Hai théng sb con
lai, duong kinh dau in va toc d6 in dwoc x4c dinh
khong c6 anh huéng dang ké vé mit thong ké. Phan
tich phan tram dong gop cung cd thém két luan nay,
khi nhiét d6 in chiém t6i 66,47% tong bién dong cua
dd cung, vuot trdi hoan toan so voi duong kinh dau in
(20,80%) va toc do in (10,78%). Ty 18 sai s6 rét thap

04
210

Nhiét dé in, oC

60 03
50 Bung kinh dau in, mm
02

9

Hinh 4. D6 thi anh hwéng théng sé in dén cdc dic tinh ciia mdu in
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Bdng 6. Gia tri dap vwng S/N cua dp dai va dap
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Bing 8. Gid tri ddp itng S/N ciia khoi lwong miu

Mitc d0 Nhiét ddin Téc do in Puwdng kinh diu in

Mitc dd Nhiét dd in Tdc dd in Puwong kinh diu in

1 30.74 30.79 29.56 1 -27.23 -27.33 -27.13
2 28.48 30.37 31.03 2 -27.17 -27.14 -27.08
3 30.88 28.94 29.50 3 -27.28 -27.21 -27.47
Delta 2.40 1.85 1.53 Delta 0.10 0.19 0.40
Xép hang 1 2 3 Xép hang 3 2 1
Bdng 7. Phan tich ANOVA ciia d¢ dai va dip Bing 9. Phin tich ANOVA ciia khéi lwgng miu
. Adj Adj F- P- Tac o Adj Adj F- P- Tac
Thong s6 DF Thong so6 DF
SS MS Value Value dong, % SS MS Value Value dong, %
Nhiétdoin 2 122.89 61.44 1495 0.06 50.05 Nhiétddoin 2 0.11 0.05 0.61 0.621 4.13
Técdoin 2 59.56 29.78 724 0.12 2425 Tocdoin 2 038 0.19 2.15 0317  14.54
Duongldnh ) 5489 2744 668 013 2235 Dudng 197 099 1104 0083 74.57
déu in kinh dau in
Loi 2822 411 3.35 Loi 2 0.18 0.09 6.76
Téng 8 245.56 100.00 Téng 8 2.65 100

(1,85%) cho thdy m hinh thi nghiém c6 do tin cay
cao va cac két ludn rat ra 1a ¢6 co s6 vimg chéc.

Pdi véi tiéu chi do dai va dap, muc tiéu 1a "cang
16n cang t6t" (Bang 6 va Bang 7). Phan tich ty s6 S/N
tir phwong phéap Taguchi chi ra t6 hop t6i uu d dai va
dap 1a nhiét d6 in & 220°C, tbe d6 in & 40mm/s va
dudng kinh dau in 12 0,3mm. Phan tich gia tri Delta
xép hang nhiét d6 in 1a yéu t6 c6 anh huong 16n nhét
tiép theo 1a toc do in va duong kinh dau in. Anh hudng
ctia nhiét do va tdc do in dén do dai va dap ciing duogc
thé hién trén d6 thi Hinh 4.b. Két qua ANOVA ciing
¢b thtr hang ndy, cho thay nhiét d6 in 13 yéu t& dong
gop chu chét, chiém 50,05% tong bién dong. Gia tri
p-value cua nhiét d6 in (p-value=0,063) cho thdy day
1a yéu td ¢6 y nghia thong ké va anh huong déng ké
nhit dén do dai va dap. Ty 1¢ sai s6 rat thap 1a 3,35%
ciing khang dinh d9 tin cay ciia mé hinh thi nghiém.

Ddi véi tiéu chi khdi lugng mau in, myc tiéu la
"cang nho cang tot" (Bang 8 va Bang 9). Phan tich S/N
xac dinh bo thong sb t6i wu dé giam thiéu khdi luong
1a nhiét d6 in dat 210°C, tbc d6 in & 50mm/s va duong
kinh dau in 14 0,2mm. Trai nguoc véi do dai va dép,
duong kinh dau in duoc xac dinh la yéu t6 co anh
hudng 16n nhét, tiép theo 1a tc do in, cudi cling l1a
nhiét d6 in. Phan tich ANOVA khéng dinh vai tro chi
phéi tuyét dbi cuia dudng kinh dau in, khi nd déng gop
t6i 74,57% vao téng bién dong. Tuong tu nhu trén,
thong s dwong kinh dau in voi gia tri p-value=0,083
1a yéu t6 co y nghia thong ké va dnh hudng rd rét nhat.

Két qua qua trinh t6i vu don muc tiéu théng qua ty
s& S/N ctia phwong phap Taguchi duoc thé hién trong
Bang 14.

3.2. Téi wu da muc tiéu

Téi wu hoa da myc tiéu can phai tim ra phuong 4n
can bang giita cac loi ich, tuy nhién phan tich ty s6 S/N
cua Taguchi chi ap dung dugc cho mdt ti€u chi riéng 1&.
Pé xac dinh thong so in tot nhat dap tmg dong thoi cac
tidu chi, chiing ta tim cach dua chi s6 S/N ciia cac tiéu
chi vé mot gia tri chuén hoa dé dé dang lya chon thong
qua phuong phap TOPSIS. Phuong phap TOPSIS yéu
cAu can c6 trong s6 clia cac tiéu chi, vin dé nay duoc
giai quyét bang phuong phéap Entropy theo cac budc 1,
2 va 3 trong quy trinh thyc hién t8i wu.

Céc budc theo Entropy bao gdm chuén héa ma
tran ty s& S/N, tinh toan cac gia tri Entropy va cubi
cung két qua trong sb cac tiéu chi dwoc thé hién trong
Bang 10. Két qua cho thdy tim quan trong ctia céc tiéu
chi dat ra d&én quyét dinh 1a tvong d6i dong déu.

Qué trinh t&i wu v6i TOPSIS bét dau tir budc thu
4 bf?mg viéc chuin héa ma tran quyét dinh S/N da duoc
xdy dung. Qua trinh nay s& chuyén doi cac dic tinh
khéc nhau thanh cac déc tinh khong thir nguyén, do do
cho phép danh gia dya trén mdt loat cac tiéu chi.
Trong tinh toan TOPSIS, ¢6 hai ham lién quan dén cac
tiéu chi duoc goi 1a ham loi ich va ham chi phi hay la
ham t5i da hoa va tdi thiéu hoa. O day, cac tiéu chi
dugc danh gia thong qua ty s6 S/N ctia Taguchi nén
cac ham t6i da hoa dugc ap dung. Trong s6 ctia mdi
tidu chi twong (g trong ma tran chuan héa dugc nhan
v6i cac thong sé dau ra & bude 4.

Cac giai phap 1y tuong 1a cac giai phap tot nhat va
cac giai phap kém nhét duoc xac dinh tr ma tran co
trong sO. Mot giai phép 1y tuong kéo theo sy gia ting
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Bing 10. Xdc dinh trong sé cdc tiéu chi theo Entropy

Ma trin quyét dinh S/N Ma tran chuin héa Entropy Gia tri entropy
STT DPo Dodai  Khbi L e . . NP ;.
Do cing DO dai vadap Khoilugng Do cing Do daivadap Khoilugng
cung vadap lugng
1 3784 3136 -27.29 0.1428 0.1506 0.1431 1.1390 1.1430 1.1381
2 3756 3160 -26.92 0.1417 0.1517 0.1411
3 3773 29.25 -27.47 0.1423 0.1404 0.1440 Gia tri trong sb
4 3786 3037 -27.14 0.1428 0.1458 0.1423 Do cing Do daivadap  Khdi lwong
5 3797 28.63 -27.40 0.1432 0.1375 0.1436 0.3308 0.3404 0.3288
6 3792 2644 -26.99 0.1431 0.1269 0.1415
7 3819 30.63 -27.55 0.1441 0.1471 0.1444
8 3799 3088 -27.10 0.1433 0.1483 0.1421
9 3793 3113 -27.18 0.1431 0.1495 0.1425
Bing 11. Xic dinh phwong dn toi wu theo TOPSIS
Ma tran chuin hoa Ma tran chuin héa c6 trong s6  Khodng cach a i
. ) H¢ so twong doi _ ,
STT D6 Do dai .. Do dai va .. 8 Xeép hang
_ Khoi lugng D9 cliing . Khoi lugng  dit+ di- gan (CC)
cing vadap dap
1 03329 0.3476 -0.3341 0.1101 0.1183 -0.1099  0.0020 0.0186 0.9021 2
2 03304 0.3503 -0.3296 0.1093 0.1192 -0.1084  0.0018 0.0196 0.9146 1
3 0.3319 0.3242 -0.3363 0.1098 0.1104 -0.1106  0.0092 0.0106 0.5348 7
4 0.3331 0.3366 -0.3323 0.1102 0.1146 -0.1093  0.0048 0.0149 0.7561 6
5 03341 0.3173 -0.3354 0.1105 0.1080 -0.1103  0.0114 0.0084 0.4236 8
6 0.3336 0.2931 -0.3304 0.1104 0.0998 -0.1087  0.0195 0.0025 0.1131 9
7 03360 0.3395 -0.3373 0.1111 0.1156 -0.1109 0.0045 0.0159 0.7814 5
8 0.3342 0.3423 -0.3318 0.1106 0.1165 -0.1091  0.0029 0.0169 0.8548 4
9 0.3337 0.3450 -0.3328 0.1104 0.1174 -0.1094  0.0022 0.0178 0.8902 3
e a1 A+ 0.1111 0.1192 -0.1084
Céc giai phap 1y tudng:
A- 0.1093 0.0998 -0.1109

ham t6i da hoa va giam ham tdi thiéu hoa, didu nay
nguoc lai dbi voi giai phap kém nhat. Tir mot giai
phap 1y tuéng va mot giai phap 1y kém nhat, chung ta
tinh toan céc gia tri phan tach. Khai niém khoang cach
Euclide duoc str dung dé danh gia cac gia tri do ludng
su tach biét nay. Céc gia tri d gﬁn tuong ddi CC; duge
sir dung dé xép hang cac phuong an. Két qua qua trinh
tinh toan dugc thé hién trong Bang 11.

Theo phuong phap TOPSIS, thi nghiém s6 2 dugc
Xép hang 1 véi cac thong s6 nhiét d6 200°C, toc do in
50mm/s va dudng kinh dau in 0,3mm. Tuy nhién, muc
tiéu nghién ctru khong phai 14 chon ra thi nghiém tot
nhét trong 9 thi nghiém L9 ma 1a du doan bd thong sb
t6i uu cho ca ba muc tiéu. Trong nghién ctru nay,
TOPSIS dugc dung dé chuyén bai toan da muc tiéu vé
don muyc tiéu 1a t6i uu héa chi sb CCi. Sau d6, nghién
ctru tiép tuc ding phuong phap Taguchi dé phan tich
S/N cho chinh chi s6 CC; nay.

K¥ thuat phan tich S/N tiép tuc dugc sir dung dé
phan tich dnh huong cia cic thong sb in dén hé sb
CCi. Phan tich ty s S/N cho CC; ctia mdi thong sd
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dugc dua ra trong Bang 12. Cac mirc d§ quan trong
duogc suy ra tir thir ty d6 16n cua cac gia tri Delta. Péi
véi dic tinh CC; téi da, thir tu quan trong 1a nhiét do
in, tc do in va duong kinh dau in. Ngoai ra, Hinh 5
minh hoa cac muc thong s6 lién quan dén viéc dat
duoc hiéu suit da muc tiéu 16n nhét.

Bing 12. Gid tri ddp trng S/N ciia hé sé6 CC;

Mirc d0 Nhiét do in Téc do in Puwong kinh diu in

1 -2.369 -1.822 -7.063
2 -9.607 -3.200 -1.405
3 -1.505 -8.459 -5.013
Delta 8.102 6.637 5.658
Xép hang 1 2 3

Két qua CC; ciing duge phan tich bang k¥ thuat
ANOVA dé danh gia anh huéng cua cac thong sé va
cac duogc trinh bay trong Bang 13. Thong s6 nhiét do
in co y nghia thong ké vai gi tri p (p-value) nho hon
0,1. C6 thé thay nhiét do in 1a thong s6 c6 anh hudng
16n nhit dén cac dic tinh hiéu sudt da muc tiéu, véi ty
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1¢ tac dong la 49,25%. Trong khi tdc do in va dudng
kinh dau in ¢6 muc d anh hudng twong duwong nhau
trong khoang 21 dén 23%. Ngoai ra, md hinh tuyén
tinh dugc sir dung trong phan tich nay thé hién do
chinh xéc véi gia tri R? 1a 94,77%, diéu nay xac nhan
kha nang du doan chinh xac cia mo hinh. Bang 14 cho
thdy su khac biét trong két qua t6i wu don muc tiéu
ctia phuong phap Taguchi va da muc tiéu khi két hop
Taguchi - TOPSIS.

Ty s6 S/N
© b U & o A W R 4

N
o

200 210 220 40 50 60 0.2 0.3 0.4
Hinh 5. Do thi anh hwéng thong sé dén S/N
Bing 13. Phéin tich ANOVA ciia hé sé CC;
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Béng 15 so sanh két qua giita thi nghiém s6 2 tot
nhét theo TOPSIS véi két qua du doan Taguchi va tdi
uu bang phuong phap lai Taguchi-TOPSIS. Phén tich
cho thay cac két qua kiém ching dat dugc do cing
77,3 HD, d6 dai va dap 41,0J, khoi lugng 22,749 thu
dugc tir bo thong s6 toi wu (T3V1D2) déu rat gan véi
cac gia tri du doan vdi sai s6 déu dudi 5%. Hon nita,
két qua kiém chung nay di vuot trdi hon so véi
phuong 4n tot nhit trong ma tran L9 ban dau (thi
nghiém s6 2 T1V2D2). Cu thé, by thong sb t6i wu
T3V1D2 da cai thién d6 cing tang 3,1% va do dai va
dap tang 7,9%. Tuy nhién, khéi lugng mu in ting 1én
nhung khong dang ké, ting 2,6%. Didu nay khing
dinh T3V1D2 13 bd théng s6 can bang va t6t hon.

4. Két luan

Nghién ctu nay da ap dung thanh coéng phuong
phap lai Taguchi - TOPSIS dé t6i wu hoa da muc tiéu
do cung, d6 dai va dap, khéi lugng cho cac thong )
in 3D FDM cua vt liéu PLA. Bang céach tich hop cac
muc tiéu str dung phwong phap TOPSIS véi trong sb
tir Entropy, sau d6 két hop phan tich chi sé S/N cua
Taguchi, nghién ctru da xac dinh dugc mét bo thong
sb t6i uu 1a nhiét do in 220°C, tbc d¢ in 40mm/s va
duong kinh dau in 0,3mm. Phan tich ANOVA cua hiéu
sudt da myc tiéu (CC;) khing dinh nhiét d6 in la thong
s6 ¢6 anh huong 16n nhét, dong gop 49,25% vao két
qua chung. Quy trinh nay da dugc chirng minh 1a mot
phuong phép hiéu qua va dang tin cay dé giai quyét
cac bai toan tbi wu hoa phirc tap trong cong nghé FDM.

Nghién ctru nay duogc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.40.
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